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© Monensin amides for sodium-selective electrodes. 

© This invention relates to sodium-selective agents which are monensin amide derivatives and sodium- 
selective electrodes having sodium-selective membranes containing such monensin amide derivatives. This 
invention further relates to multisensor flow assemblies incorporating such a monensin amide derivative in a 
sodium-selective electrode. 
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Field of the Invention 

This invention is related to ion selective agents useful in preparing membranes for ion selective 
electrodes, and more particularly, monensin amide derivatives which are useful as sodium-selective agents 
s in sodium-selective membranes for sodium ion selective electrodes. 

Background of the Invention 

Electrochemical measurements are widely used to determine the concentration of specific substances 
to in fluids These devices, referred to as ion-selective electrodes (ISEs). can be employed in a wide variety of 
potentiometric ion determinations, including, for example, the activity of fluoride ion in drinking water, the 
pH of process streams, and the determination of electrolytes in blood serum. 

In the health care field, and. in particularly, in the area of clinical diagnostics, ISEs are commonly used 
to measure the activity or concentration of various ions and metabolites present in blood, plasma or serum, 
urine, and other biological fluids. For example. ISEs are typically used to determine Na + , Ca . Mg , K , 
CI - Li + ions as well as the pH. and carbon dioxide content in such fluids. 

Conventional ion-selective electrodes are typically composed of an ion-selective membrane, an internal 
filling solution or electrolyte, and an internal reference electrode. Ion-selective electrodes can be classified 
according to the nature of the membrane material, and include solid state membrane electrodes, glass 
membrane electrodes, liquid membrane electrodes having charged ion-selective agents, and neutral liquid 
membrane electrodes having membranes formed from an organic solution containing an electrically neutral, 
ion-selective agent such as an ionophore held in an inert polymer matrix. An external reference electrode 
used in conjunction with the ISE to effect the assay measurement is typically a metal/metal hal.de electrode 

SUCh VV?ei 9 the ton selective membrane electrode is exposed or subjected to a sample solution, the ion of 
interest is selectively transferred from the sample solution into the membrane. The charge associated with 
the ions generate a potential that can be mathematically related to the concentration or activity of the ion 
content in the sample. If the membrane is ion specific or ideally selective toward the ion of interest, the 
potential difference is a linear function of the logarithm of the activity ratio of the ion activity (Nernst 
equation) A semi-empirical extension of the Nernst Equation (Nikolskii Eisenmann equation) for EMF may 
be utilized for non-ideal conditions. By "EMF" is meant the electrical potential difference between the 
internal ion sensing electrode and external reference electrode, the electrodes being electrolytically 
connected by means of the sample solution at zero or near zero current flow. 

Conventional ISEs are typically bulky, expensive, difficult to clean and maintain, and tend to require an 
undesirably large volume of biological fluid. For these reasons, much attention has been directed towards 
developing more reliable ISEs of smaller size. These relatively small ISEs, referred to as ion-selective 
sensors or biosensors, can be inexpensively mass produced using techniques similar to those employed in 
the manufacture of electronic components, including, for example, photolithography, screen printing, and 

ion-implantation. .. 

Ion-selective sensors and biosensors can be manufactured at much lower production cost than 
conventional ISEs. making it economically feasible to offer a single-use or limited-use disposable device, 
thereby eliminating the difficulty of cleaning and maintaining conventional ISEs. The reduced size of ion- 
selective sensors further serve to reduce the required volume of patient sample. Generally, a sensor can be 
either a miniature version of a conventional electrode or a device constructed using one or more of the 
45 above mentioned techniques. Maximum accuracy of the analytical or diagnostic result is obtained when the 
sensor responds only to the concentration or activity of the component of interest and has a response 
independent of the presence of interfering ions and/or underlying membrane matrix effects. The desired 
selectivity is often achieved by an ion-selective membrane containing an ion-selective agent such as an 
ionophore positioned over an electrical conductor, 
so Generally ion-selective membranes are formed from a plasticized polymer matrix, such as polyvinyl 
chloride, which contains the ionophore selective for the ion of interest For example, natural polyether 
antibiotic monensin is a known ionophore which is selective for sodium (Na + > ions (Lute. W. K., et al.. Helv 

Chim ACTA. 53. 1741 (1970). 

Monensin ester derivatives such as methyl, ethyl, and butyl monensin esters have also been used as 
55 ionophores or sodium-selective agents in membranes for ISE applications. For example, highly lipophilic 
monensin derivatives have been reported in ISE applications for serum Na + determinations (Tohda. K. et al. 
Analytical Sciences, vol. 6 (April 1990). 
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- -^Une known limitation of monensin ester deriv-^ irtheiHovrse4eetW^ 
ions (K + ). This is not particularly troublesome in hurna'n serum samples where a selectivity factor of K Na /K = 
0 5 for sodium relative to potassium ion results irran insignificant potassium error due to the presence in 
human serum of a maximum potassium concentration range of 2 to 8 mEq/L and a nominal sodium 
s concentration range of 145 mEq/L. In contrast, urine samples can contain potassium concentrations ranging 
as low as 1 mEq/L or less up to 100mEq/L along with relatively low sodium levels of lOmEq/L. Thus, 
accurate determinations of sodium ions in urine samples can be troublesome when made using known 
monensin ester derivatives having low selectivity for Na + relative to potassium ions (K + ). This problem is 
typically handled by performing parallel potassium ion determinations and correcting any inaccurate sodium 

ro determinations. , 

Other known synthetic ionophores or ion-selective agents for sodium include polyether diamide, 
biscrown ether (Tamura et al., Anal. Chem., 64, 2508 (1992)), cryptand (Lehn et al., Science, vol. 227, no. 
4689 p 849 (1985)), and calixarene (Kimura et al, Anal. Chem.. 64, p. 2508 (1992)). However, the 
effectiveness of these sodium ionophores can be affected by interfering substances including drugs and 

is interfering cations present in biological samples, such as urine. 

Maryuma, K. et al., Enantiomer Recognition of Organic Ammonium Salts by Podand and Crown Type 
Monensin Amides: New Synthetic Strategy for Chiral Receptors, Tetrahedron, vol. 48.. no. 5. pp. 805-818 
(1992) disclose monensin amide derivatives exhibiting the same Na + selectivity as biological monensin and 
its ester. Maryuma, K. et al. do not mention the monensin derivatives of the present invention. Maryuma, K. 

20 et al., New Chiral Host Molecules Derived From Naturally Occurring Monensin lonophore, J. Chem. Soc., 
Commun. p. 864 (1989) disclose monensin derivatives having neutral terminal groups which show 
enantiomeric selectivity for several amine salts, whereas natural monensin could not discriminate between 
the enantiomers. Neither of the Maryuma, K. et al. references mention or suggest the monensin am.de 
derivatives of the present invention such as the hexadecyl monensin amide or methyl hexyl monensin 

25 amide sodium-selective agents. 

There is a need for a sodium-selective agent for use in an ISE which provides for adequate sodium 
selectivity and which minimizes or reduces the effects of interfering substances such as drugs and 
interfering cations present in biological samples such as urine samples. 

30 Summary of the Invention 

The present invention provides for sodium-selective agents and sodium-selective electrodes which 
overcome many of the disadvantages of known sodium-selective agents and electrodes. 

In one aspect, the present invention is related to a sodium-selective agent useful for determining 
35 sodium in biological samples having the structure: 
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wherein R1 is H or an alkyl group having less than or equal to six carbon atoms, wherein the alkyl group is 
straight chained or branched and can contain heteroatoms; and R2 is an alkyl group having greater than or 
equal to six carbon atoms wherein the alkyl group is straight chained or branched and can contain 

heteroatoms^^^ ^ inve ntion is related to a sodium-selective agent useful for determining 

sodium in biological samples having the structure: 
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In a third aspect, the present invention is related to a sodium-selective agent useful for determining 
30 sodium in biological samples having the structure: 
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In a further aspect the present invention is related to a sodium-selective electrode for determining an 
ion in a biological sample which comprises an electrical conductor and an ion-selective membrane 
55 separating the conductor from the sample wherein the membrane comprises: 

(a) a polymer material; and 

(b) a sodium-selective agent incorporated into the polymer material, the sod.um-selective agent having 
the structure: 



4 



BNRnnrHV <PP 0654664 A2J_> 



EP 0 654 664 A2 



10 



15 



20 



25 



30 



35 



-o 

H 3 CH 2 0. s / '"H 




Whe RTis H or an alkyl group having less than or equal to six carbon atoms, wherein the alkyl group is 
<:trainht chained or branched and can contain heteroatoms; and 

PB Tan alkyl group having greater than or equal to six carbon atoms wherein the alkyl group .s 
crfraioht chained or branched and can contain heteroatoms. 

TSXaTSSS of the present invention is related to a sodium-selective electrode for determining 
sodiumTn a bioSTcai sample which comprises an e.ectrica. conductor and an ion se.ect.ve membrane 
separating the conductor from the sample wherein the membrane comprises: 

(a) about 25% by weight carboxylated polyvinyl chloride; 

(b) about 2% by weight hexadecyl monensin amide or methyl hexyl am.de monensm; and 
( 1Zl^Z:SlZt^o a multisensor cel. assembly for determining an ion of interest 

in ^'^e^^Swith a reterence electrode and at least one ion-selective electrode formed 
thereon ^ Von-seJive electrode having an electrical conductor and an ion selective membrane separat- 
Jr^ e condSor from the sample, wherein one ion-selective electrode has a membrane compr.s.ng a 
polymer SSST-S ™ odium-se'ective agent incorporated into the polymer material, the sod.um-select.ve 
agent having the structure: 
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wherein 

R1 is H or an alky! group having less than or equal to six carbon atoms, wherein the alkyl group is 
straight chained or branched and can contain heteroatoms; and 
25 R2 is an alkyl group having greater than or equal to six carbon atoms wherein the alkyl group is straight 
chained or branched and can contain heteroatoms; and 

an elastomeric component positioned on the surface of the substrate defining a reference and sensor 

flow channels, , , , , 

the reference flow channel having means for passing reference liquids over the reference electrode. 
30 the sensor flow channel having means for passing sample liquids over each ion-selective electrode, 
the reference and sensor flow channels defining a common outlet for removing liquids from the cell. 
The monensin amide derivatives of the present invention provide for adequate sodium selectivity 
relative to potassium to accurately determine sodium ions in biological samples and. further, surprisingly 
and unexpectedly reduce or minimize the effects of interfering substances such as drugs and/or interfering 
35 cations present in such biological samples, particuarly urine. 

Brief Description of the Drawings 

The invention will be better understood if reference is made to the accompanying drawings, in which: 
40 Figure 1 is a planar view of a murtisensor cell assembly having a ceramic substrate with a reference 
electrode, a chloride (CT) selective electrode, a sodium(Na + ) selective electrode, and a potassium (K + ) 
selective electrode formed thereon; 

Figure 2 is a fragmentary cross-sectional view of the multisensor cell assembly of Rg. 1; 
Figure 3A is a graph depicting a correlation of sodium ion determinations <shown in milliequivalents per 
45 liter or mEq/L) made with an ISE having a membrane containing decyl ester monensin with those 
obtained with a sodium-selective glass membrane electrode; 

Figure 3B is a graph depicting a correlation of sodium ion determinations (shown in mEq/L) made with 
an ISE having a membrane containing Fluka (III) sodium ionophore (N,N,N\N^TetracyclohexyM.2- 
phenylenedioxydiacetamide) with those obtained with a glass membrane electrode; 
so Figure 3B is a graph depicting a correlation of sodium ion determinations (shown in mEq/L) made with 
an ISE having a membrane containing hexadecyl amide monensin with those obtained with a glass 

membrane electrode; . 
Figure 4 is a graph depicting a correlation of sodium ion determinations (shown in mEq/L) made with an 
ISE having a membrane containing methyl hexyl amide monensin and an ISE having a membrane 
55 containing hexadecyl amide monensin with those obtained with a glass membrane electrode. 
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Description of the Invention 

The sodium-selective electrode (ISE) of the present invention has a sodium-selective membrane which 
contains a sodium-selective agent which offers significant advantages over known sodium-selective agents 

s in that the ISE of the present invention provides for adequate sodium selectivity relat.ve to potassium and 
further reduces or minimizes the effect of interfering substances such as drugs or interfering cat.ons present 
in biological samples, particularly urine samples. The sodium-selective membrane * composed of a 
polymer and a sodium-selective agent which is incorponed into the polymer. The sod.um-select.ve 
electrode further comprises an electrically conductive material (electrical conductor). 

, 0 By "ion-selective electrode" (ISE) is meant a potentiometric electrochemical sensor, the potential of 
which is related to the activity or concentration of an ion of interest in a sample. Generally, the potent* .s 
linearly dependent on the logarithm of the activity of the ion of interest. The activity of an .on of interest is 
defined as its concentration multiplied by an activity coefficient, where the activity coefficient is generally 

known or available in the art. ^ ~ 

,s By "sodium-selective electrode" is meant an ISE where the .on of interest is a sodium. 

Bv "biological sample" is meant any fluid of biological origin including fluids which have been 
chemically and/or physically treated, diluted, or concentrated prior to analysis. Examples of b.ological 
samples include serum, urine, plasma, whole blood, cerebrospinal fluid, amniotic fluid, saliva, and tears. 

By "ion of interest" is meant an ion to be determined in a biological sample using an ion-selective 

to elect ™J e nera| djscussjon of the p rinci p, es 0 f potentiometric ion sensors is provided by Oesch et al.. "Ion- 
Selective Membranes for Clinical Use." Clinical Chemistry. Vol. 32, No. 8. pp. 1448-1459. (1986). 

Tvoically sodium-selective electrodes have a membrane comprising a polymer matenal and a sod.um- 
selective agent. Additional optional components of the membrane include a plasticizer such as d.octyl 
adipate. for rendering the membrane pliable as well as other components. 

Bv "Polymer material" is meant any polymer suitable for use in preparing sodium ISEs A variety of 
polymers can be utilized including, but not limited to. polymethyl acrylate and other acrylates s.l.cone 
rubbers, polycarbonate cellulose, cellulose ester, polyvinyl acetate), polyurethane po^vnyl bu^yral) 
polyvinyl chloride, carboxylated polyvinyl chloride, and other copolymers of vinyl chlonde By 
es er is meant all ester derivatives of cellulose including, but not limited to. cellulose acetate, ce ulose 
butyrate and other members of a homologous series. By polyvinyl butyral) is meant a copolymer of vinyl 
butyral. vinyl alcohol, and vinyl acetate. Carboxylated polyvinyl chloride is preferred. 

The amount of polymer material used is that amount sufficient to produce a membrane of suitable 
thickness and structural integrity for use as an ion-selective electrode. The preferred amount of polymer 
35 material utilized in the sodium-selective electrode of the present invention is about 20% by we.ght. The 
thickness of the sodium-selective membrane of the present invention can vary from about 1 u to about 
1 000 u in thickness and is preferably about 50 u in thickness. 

By "sodium-selective agent" is meant any substance which provides for selective interaction with 
sodium Examples of such sodium-selective agents include ionophores and other sod.um-select.ve agents. 
<o Examples of known sodium-selective agents include, naturally, occurring monensin monens.n ester deriva- 
tives such as methyl, ethyl, butyl, and dodecyl ester monensins. polyether d.amide. Discrown ether. 

^Tte^un^eZe agent of the present invention is a compound having a structure comprising a 
monensin amide derivative as follows: 
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R1 can be H or an alkyl group having less than or equal to six carbon atoms, wherein the alkyl group 
can be straight chained or branched and can contain heteroatoms such as O, N, and S. 

25 R2 can be an alkyl group having greater than or equal to six carbon atoms, wherein the alkyl group can 
be straight chained or branched and can contain heteroatoms such as O, N, and S. Preferably R1 is H and 
R2 is Ci 6 H 33 (hexadecy! amide monensin) or CgHis (methyl hexyl amide monensin). Hexadecyl amide 
monensin is particularly preferred. 

The amount of sodium-selective agent incorporated into the sodium-selective electrode of the present 

30 invention can vary from 1% to 10% by weight. An amount of from about 2% by weight to about 5% by 
weight is preferred. The amount of sodium-selective agent employed can impact the use life of the 
membrane, where use life is defined as the number of samples assayed without compromising analytical 

quality. L ^ • ■ 

The sodium-selective membrane of the electrode of the present invention can be prepared by mixing a 

35 suitable amount of polymer material dissolved in an appropriate solvent with a suitable amount of sodium- 
selective agent to produce an ion-selective polymer material. The solvent used can be any solvent 
commonly used to prepare conventional membranes and can include, for example, isophorone, dimethyl 
adipate, and cyclohexanone. Optionally, a suitable amount of plasticizer, as well as other components, such 
as fumed silica and silanes can be included in the sodium-selective polymer material. The plasticizer, if 

40 included, can be added to the vehicle along with the sodium-selective agent 

Any order of mixing for the polymer material, sodium-selective agent, and plasticizer can be used in 
preparing the ion-selective membrane of the present invention. Preferably, the sodium-selective agent and 
plasticizer are added to the vehicle, and fumed silica, if included, is then mulled into the formulation and 
then the silane. if included, is added. The resulting sodium-selective polymer material can then be used to 

45 prepare sodium- selective membranes which, in turn, can be used to prepare sodium-selective electrodes. 
The production of such electrodes can be achieved using known techniques and methodology. The sodium- 
selective electrode 5 depicted in Figures 1 and 2 is preferred. 

The sodium-selective electrode of the present invention can be utilized with other ISE's in multisensor 

assemblies. . . A . _ . 

so For example, Figures 1 and 2 depict a multisensor flow cell having a sodium-selective electrode 5 of 
the present invention. The sodium-selective electrode 5 is formed on a ceramic substrate 1 which is 
available commercially and can, for example, be purchased from the Coors Ceramics Co. The ceramic 
substrate 1 has a surface which has been appropriately screen printed with a suitable electrically conductive 
material (electrical conductor 2) to provide for appropriate electrical contacts for each ion-selective electrode 

55 5 5A 5B and a reference electrode 6. Ion-selective electrode 5 is a sodium-selective electrode of the 
present invention, sensor electrodes 5A and 5B are potassium and chloride ion-selective electrodes, 
respectively. The electrical conductor 2 can be formed from a silver paste, also available commercially as. 
for example silver paste OS175 (E.I. du Pont de Nemours and Company. De., U.S.). A dielectric layer 3 
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serves to electrically isolate the electrical conductor 2 and to provide a well for the eledncal conductor 2 
and an on selective membrane 10. A layer composed of a mixlure of silver and s.lver chlonde WHO* 
fs screen printed on the electrical conductor 2 for each ion-selective electrode 5. 5A and 58 and the 

eference e.ectrode 6 The sodium-selective po.ymer materia, prepared, as described above, .s pos.t.oned 
orrsiKX chloride layer 4 to form the sodium-selective membrane 10 . The mult.sensor assemb.y 
ran be aooroDriately fired using known thick film belt techniques after each layer is added. , , 

Tn rSeri7component 8 is mounted under compression against the electrode bearmg substrate 1 
to d^ine frXrence flow channel 9 and a sensor flow channel 9A and effect a fluid seal along the 

Lrfnee an! demote £ channels 9 and 9A. The reference flow channel 9 and sensor flow channel 9A 
define means ta reference liquids and sample liquids over the reference 6 and ion-se.ect.ve 

tlZZ " S^and 5B, 9 respective.y. Furthermore, the reference flow channel 9 and sensor flow channel 
qa riofine a common outlet 1 1, for removing liquids from the cell. 

The elastoS component 8 of the multisensor cel. assembly of the present invention can be o any 
form suitabte for defining flow channels 9 and 9A. For example, the multisensor cell assembly of the 
pre'enl ^Invention can be used in conjunction with the disposable sensor assembly or cartndge d,sc.osed .n 

electrode of the present invention has a membrane comprising^ about 
25% by weLTcaS y«ated polyvinyl chloride, about 9% by weight silane. about 50% by weight d,orfy. 
aditte and abo" 2% by we7gh\ hexadecyl amide monensin or methyl hexy. monens.n am.de as the 
SS-selecfive agent. Hexadecyl amide monensin is particularly preferred as the sod.um-select.ve agent 

The stdtr-sXtive electrode of the present invention is useful for the potentiometnc determ.nat.on of 
various ^ions onnteS I biological samples such as blood, urine, plasma, saliva, spinal flu* and serunu 
Such samoles particularly urine samples, often contain various interfering substances such as drugs and 
Such samples. P«tau»fly * ? ? determination of sodium of interest, i.e.. the .on to be 

ESZtfSLSZ '£ thtlermination of sodium ion due to the presence of such interfering 
substances in urine samples can be particularly troublesome. 

Example 1 

A. Synthesis of Hexadecyl Monensin A mide (HMA) 
A. Synthesis of Hexadecyl Monensin Amide 

An amount of 200.0 mg of sodium monensin <C, 6 H*, On Na; 0.2886 mmol: FW = 692.9) (Sigma 
^.^ir,, mm was dissolved in 20 mL chloroform in a 100 mLErlenmeyer flask. 

Zs ^Tl^J^LcB with 20 mL 1N HC1 (20 X 2 mL) and six times with purified de,on. 2 ed 
„ ^ °?r x fmS in a 125 mL separation funnel. The chloroform solution was then dned over 
( ° m ( ,LL alvd ous (M%00 The dried solution was filtered into a tarred 100 mL round bottle 
^XZT^^l mL chloroform. The combined solution was removed by rotary 
evaporaL. White solid was obtained in about 100% yield (sodium free monens.n ac,d. 193 mg). The sohd 

^ru^ -lid (sodium free monensin acid. 0.2239 mmol) and 

63.1u^mTdTsltimidy. carbonate (DSC) (FW = 256.17; 0.2463 mmol) was placed .n a 10 mL v.a. w.th 

"TlmT^^^^ (THF) (reagent-grade THF that has been stored over a lihera. 

quan% 74A m 0lecu ,ar sieve for at least 24 hours) was added and the mixture was st.rred at room 
^rr^rfltnm for 15 minutes Some DSC remained undissolved. 

r mount of Snethy.am.ne (TEA) (FW = 101.19; d = 0.726) was added and the W act,on was 
. ^ * * i ,ochrc The nqr was slowlv dissolved during the course of about one hour. 
^^*tt£S£tt of hexadecyl amine <CH3(CH 2 ), S NH 2 ; FW - Ml^ 
Chen^cal Co. U S.) W as dissolved in 1 mL THF. The resulting hexadecyl amine so.ut.on was added to the 
reaction mixture with stirring. The mixture was then stirred at room temperature for 2 Iks. 

r Purification of Hexadecyl Amide Monensin 

The above solution was evaporated to remove the solvent and the residue was redissolved I into 1 mL of 
mbdur solvent consisting of 50% ethyl acetate and 50% hexane. The product was punfied by column 
"h^ailaX <a sit gel column o/about 2.5 X 32 cm was used, and the ratto of silica gel to m.xture 
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was about 80 to 1 by weight) using a solvent mixture of 50% ethyl acetate and 50% hexane. A thin layer 
chromatography (TLC) method was developed to monitor the reaction using a mixture of 50% ethyl acetate 
and 50% hexane as a developing solvent; iodine was utilized to visualize the TLC spots. 

The first fraction (TLC, Rf = 0.4, (50% ethyl acetate and 50% hexane) was collected and the solvents 
5 were removed to obtain 95 mg colorless viscous oil of hexadecyl monensin amide (48% total yield from 
monensin acid). 

Example 2 

to Synthesis and Purification of Methyl Hexyl Amide Monensin 

The same procedure as described in Example 1 was used to synthesis and purify methyl hexyl amide 
monensin with the exception that instead of using hexadecyl amine, methyl hexylamine (F.W. 115. Aldrich 
Chemical Co., U.S.) was used to synthesize the methyl hexyl amide monensin. 
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Example 3 

A. Preparation of A Sodium Ion Selective Membrane 

20 An amount of 0.05 g methyl hexyl amide monensin (MHAM) was dissolved in 1.5 grams (g) of the 

solvent tetrahydrofuran (THF). To this solution was added with stirring 0.97 g dioctyl adipate as a plasticizer. 

The container was placed in an oven at 80 'C for 15 to 20 minutes to evaporate off the THF. 

Into a 400 milliliter (mL) beaker containing 88 grams (g) of the solvent isophorone (Fluka Chemical Co., 

N.Y., US) was added 12 g of carboxylated polyvinyl chloride (CPVC) (Aldrich Chemical Co.. Wisconsin, US). 
25 The 'resulting suspension was covered to prevent evaporation of the solvent and heated using a hot 

plate/stirrer over a period of about 15 to 20 minutes to a temperature of about 60 *C. When the suspension 

became transparent the heat was turned off and stirring continued for an additional 5 minutes. The resulting 

polymer material (vehicle) was transferred to a sealed container for subsequent use in preparing a sodium- 

selective membrane formulation. 
30 An amount of 4.03 g of the vehicle prepared, as described above, was added to the container 

containing the methyl hexyl amide monensin (MHAM) and dioctyl adipate which was prepared, as described 

above, (subsequent to the evaporation of the THF) and stirred. 

An amount of 0.294 g fumed silica (S1O2) (available from Degussa Co., as Aerosil R972. Ohio. U.S.) was 

dispersed or mulled into the mixture in the container using a muller (Hoover Automatic Muller Model M5. 
35 N J US) using three cycles of 20 revolutions each. An amount of 0.17 g silane (3-glycidoxypropyltrimeth- 

oxysilane; (Aldrich Chemical Co., catalogue no. 23, 578-4, Wisconsin, U.S.) was then added to the mixture 

with stirring. The resulting sodium-selective membrane material was subsequently utilized in preparing a 

sodium-selective electrode. 

40 B. Preparation of Sodium-Selective Electrode 

The sodium-selective polymer material prepared as described above in A was incorporated into the 
multisensor flow assembly, illustrated in Figure 1 as a sodium-selective electrode as follows: 

Ceramic substrates (Coors Ceramics Co., Co. U.S.) were ultrasonically cleaned and dried. A silver 

45 pattern serving as a conductor was screen printed onto the ceramic substrate using silver paste QS175 (E.I. 
du Pont de Nemours and Company, De., U.S.). The ceramic substrates were then fired in a thick film belt 
furnace such as that commonly used in thick film processing technology, employing a heating rate of 95 -C 
per minute to 850 *C, at 850 'C the ceramic substrates were held for ten (10) minutes and then cooled at a 
rate of 95 -C per minute. Three layers of thick film dielectric QS482 (E.I. du Pont de Nemours and 

50 Company De.. U.S.) were then screen printed onto the ceramic substrate and dried. The ceramic substrate 
containing the three dielectric layers was then fired in the thick film belt furnace by employing a heating 
rate of 95 'C per minute to 850 'C, at 850 'C the ceramic substrates were held for ten (10) minutes and 
then cooled at a rate of 95 • C per minute. 

A mixture of silver and silver chloride (90% silver and 10% silver chloride by weight) was then screen 

55 printed as layer 4 on the electrical conductor 2 as shown in Figure 2. The ceramic substrate was then fired 
by heating at 100'C per minute to 600'C, holding at 600'C for ten minutes and cooling at 100'C per 
minute The resulting finished ceramic substrate was then stored in nitrogen until used as follows. 



10 



Qwcnorjiv 



nfiS4£64A2 t > 



EP 0 654 664 A2 



The sodium-selective polymer material prepared as described in Part A above was dispensed using a 
syringe onto the silver conductor 2 at the sodium-selective electrode location to form the sod.um-select.ve 
membrane of the sodium-selective electrode depicted in the multisensor flow assembly shown in Figures 1 
and 2 Similarly, potassium-selective polymer materials and chloride selective polymer materials were 

6 dispensed onto the silver conductor 2 at the potassium and chloride-selective electrode locabons shown in 
Figures 1 and 2. The sodium-selective material as well as the potassium and chlor.de-select.ve polymer 
materials were then cured by heating the ceramic substrate at 80 'C for 90 minutes to form the sodium- 
selective membrane. The resulting ceramic substrate assembly was then exposed to an ultraviolet source at 
an intensity of 750 millijoules per square centimeter. The cured ceramic substrate assembly was then 

,o mounted in a cartridge assembly having an elastomer component 8. Fig 2 and a plastic housing emctesuw. 
The elastomer component 8 is mounted under compression against the electrode bearing substrate .to 
effect a fluid seal along reference and sample flow channels 9 and 9A for reference and sample liquids that 
Sow over the reference 6 and ion selective electrodes 5. 5A. and 5B. An air detect 7 for the multisensor flow 
assembly provides a means for detecting interfering air bubbles which may be present .n the reference 

75 and/or sample liquids. 

Example 4 

A. Assay for Sodium Using Sodium-Selective Electrode 
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The multisensor cell assembly of Figure 1 was used to compare the sodium-select.ve membrane 
electrode formulation of the present invention with known sodium sensor membrane formulations^ 

The voltage (mV) which changes with varying Na* concentrations is located at the junction between the 
sample solution or liquid and the ion-selective membrane. The voltage, E. is defined by the Nemsl equation 
and results from a space charge layer of Na + ions which develops as a result of the interaction of the lon- 
selective agent present in the membrane of the sodium-selective electrode. 

B Com parison of Sodium-Selective Electrodes Havino Membranes Containing Hexadecyl Amide Monensin 
With Decyl Ester Monensin Electrodes and Fluka (III) Electrodes 

Two known sodium-selective membranes were tested in sodium-selective electrodes as follows: Flute- 
mi, (N NN'N'-Tetracyclohexyl-1.2-phenylenedioxydiacetamide. C 3 ,Hs2N 2 04. (available as Fluka Sodium 
lonophore (III) (Fluka (III)) from the Fluka Chemical Company, Switzerland), decyl ester monens.n. and the 
hexadecyl monensin amide membrane of the present invention. mara 
The membranes of the Fluka(lll). decyl ester monensin and hexadecyl monensin am.de electrodes were 
prepared using the same procedure and same composition as that described in Part A above for the 
sodL-selective electrode having a membrane containing methyl hexyl amide monensin with the excep- 
tion that the ion-selective agent utilized was: Fluka(lll) for the Fluka(lll) electrode, decyl ester monensin for 
the decyl ester monensin electrode and hexadecyl monensin amide for the hexadecyl monens.n am.de 

40 ^^selectivity constants for these membranes for sodium relative to potassium were determined to be 
as follows- Fluka (III) :0.06. Decyl Ester Monensin :0.2, and Hexadecyl Amide Monens.n: 012. The 
selectivity constant is defined by the Nickolskii-Eisenmann equation which defines the contribution of 
interfering ions to the measured potential. The above selectivities were measured with respect to potassium 

45 ions only While the Fluka(lll) membrane electrode provided for the lowest selectivity, the hexadecyl am.de 
monensin electrode provided for better performance with respect to other interfering substances present in 
urine samples, as shown below. 

The results are shown in Figures 3A. 3B. and 3C. The sodium assays on the membranes prepared with 
the ionophores were correlated to a sodium-selective glass electrode used on the Dimens.on(R) clinical 

so chemistry system analyzer available from E. I. du Pont de Nemours and Company. All correlation assays 
shown in Figures 3A. 3B, and 3C were conducted concurrently using identical samples. The samples 
employed were human urine samples procured from hospitals, drug clinics, and toxicology laboratories 
located in Wilmington, De.. and Philadelphia Pa.. U.S. Interfering substances present in urine samples are 
partSarf^ troublesome in sodium ion determinations. Both the F.uka(.l.) and decyl ester monensin 

ss electrodes show poor performance with some samples, referred to as outlier samples (see tor ^ example U3 
U37 and U35) Figure 3C shows the hexadecyl amide monensin electrode outperformed the Fluka (III) 
electrode (Figure 3B)and the decyl ester monensin electrode (Figure 3A) in that all outlier assays, <see for 
example U3 and U35) were removed with the monensin hexadecyl amide electrode. 
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C. Performance of Hexadgcyj Monensin Amide >■ ^Methyl Hexyl Amide Monensin Electrodes when 



Correlated with Glass Membrane ISEs 



Urine samples were tested using the hexadecyl amide monensin and methyl hexyl amide monensin 
5 sodium-selective electrodes of the present invention. The results are shown in Figure 4. The results of 
Figure 4 show methyl hexyl amide monensin and hexadecyl amide monens.n performed comparably with 
each other and with a glass membrane electrode. 



Claims 
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1. A sodium-selective agent useful for determining sodium in biological samples having the structure: 



75 
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H 3 CH 2 0, lit [Si 




35 ^Rlfe H or an alkyl group having less than or equal to six carbon atoms, wherein the alkyl group is 
straight chained or branched and can contain heteroatoms; and 

R2 is an alkyl group having greater than or equal to six carbon atoms wherein the alkyl group is 
straight chained or branched and can contain heteroatoms. 

40 2. A sodium-selective agent useful for determining sodium in biological samples having the structure: 
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3. A sodium-selective agent useful for determining sodium in biological samples having the structure: 



25 
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35 



40 



H 3 CH 2 0. l(i /Si 




oh* 'ch 



OCH 3 o 



4 A sodium-selective electrode for determining an ion in a biological sample which comprises an 
' electrical conductor and an ion-selective membrane separating the conductor from the sample wherein 
50 the membrane comprises: 

(a) a polymer material; and 

lb) a sodium-selective agent incorporated into the polymer material, the sod.um-select.ve agent 

having the structure: 



55 
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R1 is H or an alkyl group having less than or equal to six carbon atoms, wherein the alkyl group 
is straight chained or branched and can contain heteroatoms; and 

R2 is an alkyl group having greater than or equal to six carbon atoms where.n the alkyl group .s 
straight chained or branched and can contain heteroatoms. 

The sodium-selective electrode of claim 4 wherein the polymer material is selected from the group 
consisting of polymethyl acrylate and other acrylates. silicone rubbers, polycarbonate cellulose 
cellulose ester, polyvinyl acetate), polyurethane and other urethanes. polyvinyl butyral). polyvinyl 
chloride, carboxylated polyvinyl chloride, and other copolymers of vinyl chloride. 

A sodium-selective electrode for determining sodium in a biological sample which comprises an 
electrical conductor and an ion-selective membrane separating the conductor from the sample where.n 
the membrane comprises: 

(a) a polymer material; and , . . ,. 

(b) a sodium-selective agent incorporated into the polymer, the sod.um-select.ve agent having the 

structure: 
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A sodium-selective electrode tor determining sodium in a biological sample which comprises an 
eieSTcondS and an ion-selective membrane separating the conductor from the sample where.n 
the membrane comprises: 

8 VSZ^Xn. incorporated into the po.ymer material, the sodium-selective agent 

having the 
structure: 




The sodium-selective electrode of claims 6 or 7 
group consisting of polymethyl acrylate and other 
cellulose ester, polyvinyl acetate), polyurethane 
chloride, carboxylated polyvinyl chloride, and other 



wherein the polymer material is selected from the 
acrylates, silicone rubbers, polycarbonate cellulose, 
and other urethanes, polyvinyl butyral), polyvinyl 
copolymers of vinyl chloride. 



15 



EP 0 654 664 A2 



9. 
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10. 
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A sodium-selective electrode for determining sodium in a biological sample which comprises an 
electrical conductor and an ion-selective membrane separating the conductor from the sample wherein 
the membrane comprises: 

(a) about 25% by weight carboxylated polyvinyl chloride; 

(b) about 2% by weight hexadecyl monensin amide or methyl hexyl amide monensin; and 

(c) about 50% by weight dioctyl adipate. 

The sodium-selective electrode of claims 1, 6. 7, or 9 wherein the electrical conductor is positioned on 
an electrically insulative substrate. 

A multisensor cell assembly for determining an ion of interest in a biological sample comprising: 

a substrate having a surface with a reference electrode and at least one ion-selective electrode 
formed thereon, the ion-selective electrodes having an electrical conductor and an ion-selective 
membrane separating the conductor from the sample, wherein one ion-selective electrode has a 
membrane comprising a polymer material and a sodium-selective agent incorporated into the polymer 
material, the sodium-selective agent having the structure: 
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30 



....CH 2 OH 
OH 



HjO^O,,, / ""H 
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wherein * 
R1 is H or an alkyl group having less than or equal to six carbon atoms, wherein the alkyl group is 

straight chained or branched and can contain heteroatoms; and 

R2 is an alkyl group having greater than or equal to six carbon atoms where.n the alkyl group is 
straioht chained or branched and can contain heteroatoms; and 

an elastomeric component positioned on the surface of the substrate defining a reference and 

sensor flow channels, . . . 

the reference flow channel having means for passing reference liquids over the reference electrode, 
the sensor flow channel having means for passing sample liquids over each ion-selective electrode, 
the reference and sensor flow channels defining a common outlet for removing liquids from the 

cell. 

12. The multisensor cell assembly of claim 11 wherein the sodium-selective agent is hexadecyl amide 
monensin. 

13. The multisensor cell assembly of claim 11 wherein the sodium-selective agent is methyl hexyl amide 
55 monensin. 
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